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A method of solving ([1](#Equ1){ref-type=""}) depends on the information available. If $\documentclass[12pt]{minimal}
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The application of *strict robustness* concept ([2](#Equ2){ref-type=""}) results in a very conservative constraint, in which we assume by the non-negativity of $\documentclass[12pt]{minimal}
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Several approaches have been proposed in the literature to soften the strict robustness. One of the most popular was introduced in \[[@CR3]\]. The key idea is to assume that at most $\documentclass[12pt]{minimal}
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In this paper we propose a new approach to soften the strict robustness. The idea will be to modify the approach proposed in \[[@CR3]\], by replacing the pessimistic point of view with a more optimistic one. We will still assume that $\documentclass[12pt]{minimal}
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New Concept of Choosing Robust Solutions {#Sec2}
========================================

In this section we propose a new concept to soften the conservatism of the strict robust approach. We will use the same model of uncertainty as the one described in the previous section. Namely, for each uncertain coefficient $\documentclass[12pt]{minimal}
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Solving the Problem {#Sec3}
===================

Using the concept ([5](#Equ5){ref-type=""}) we can rewrite the uncertain problem ([1](#Equ1){ref-type=""}) as follows:$$\documentclass[12pt]{minimal}
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Illustrative Example {#Sec4}
====================

In this section we will evaluate our concept by computational experiments. We will perform experiments for the continuous 0-1 knapsack problem with uncertain constraint coefficients (weights). The following model is the counterpart of ([6](#Equ6){ref-type=""}) for the uncertain continuous 0-1 knapsack problem:$$\documentclass[12pt]{minimal}
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The obtained results are shown in Fig. [2](#Fig2){ref-type="fig"}. As one can expect, the optimistic approach results in lower price of robustness, but also in larger risk of the constraint violation. Both approaches are equivalent for the boundary values of $\documentclass[12pt]{minimal}
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Uncertain Constraint Coefficients {#Sec5}
=================================

In this section we proceed with the study of problem ([6](#Equ6){ref-type=""}). We provide a negative complexity result for it and some positive results for its two special cases. The following theorem characterizes the complexity of problem ([6](#Equ6){ref-type=""}):

Theorem 1 {#FPar1}
---------
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Proof {#FPar2}
-----

Consider the strongly NP-complete [3-sat]{.smallcaps} problem \[[@CR6]\], in which we are given a set of boolean variables $\documentclass[12pt]{minimal}
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0-1 Knapsack Problem {#Sec6}
--------------------

In this section we study the 0-1 knapsack problem with uncertain weights that is a special case of problem ([6](#Equ6){ref-type=""}) in which $\documentclass[12pt]{minimal}
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It is easy to see that each optimal solution to the constrained longest path problem in *G* corresponds to an optimal solution to ([9](#Equ9){ref-type=""}). Each feasible $\documentclass[12pt]{minimal}
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Continuous 0-1 Knapsack Problem {#Sec7}
-------------------------------

In this section we examine the continuous version of the 0-1 knapsack problem with uncertain weights, i.e. the model ([7](#Equ7){ref-type=""}) discussed in Sect. [4](#Sec4){ref-type="sec"} (a special case of problem ([6](#Equ6){ref-type=""})). This model can be linearized in a standard way by introducing additional *n* variables $\documentclass[12pt]{minimal}
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Uncertain Right Hand Sides {#Sec8}
==========================

In this section we will show how to cope with uncertain right hand sides of the constraints. To simplify the presentation, we will assume that the constraint coefficients are deterministic. We thus study the following problem$$\documentclass[12pt]{minimal}
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Proof {#FPar6}
-----
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The Shortest Path Problem with Uncertain Costs {#Sec9}
==============================================
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The proposed technique, consisting in arc duplication, can be used to solve other network problems. For example, when $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathbb {X}$$\end{document}$ is the set of characteristic vectors of spanning trees in *G*, then we can use an algorithm for the constrained spanning tree problem described in \[[@CR11]\].

Conclusion {#Sec10}
==========

In this paper we have proposed a new approach to deal with uncertainty in optimization problems. Our idea is to soften the assumption that the worst scenario will occur for a given solution. We can thus use the pessimistic and the optimistic approaches to provide a broader family of solutions, one of which can be ultimately chosen by decision maker. Unfortunately, the proposed approach may lead to computationally harder problems. In particular, even the case of linear programming problems is NP-hard. However, we have shown in this paper some examples of optimization problems with uncertain parameters for which, after applying the approach, effective solution methods can be constructed.

The proposed approach can be too optimistic. Namely, the computed solution can be infeasible with large probability. Hence, and interesting research direction is to combine the pessimistic and the optimistic approaches, by using some aggregation methods.
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